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(54) A system for the automatic analysis of images, such as DNA microarray images 



(57) The system can be used for the automatic anal- 
ysis of images (I), comprising a matrix of spots, such as 
images of DNA microarrays after hybridisation. The sys- 
tem can be associated - and preferably integrated in a 
single monolithic component Implementing VLSI CMOS 



technology - to a sensor (10) for acquiring said images 
(I). The system comprises a circuit (20) for processing 
the signals corresponding to the images (I), configured 
according to a cellular neural network (CNN) architec- 
ture for the parallel analogue processing of signals. 
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Description 

Field of the invention 

[0001] This invention relates to the sector of analysis 
of innages and was developed with special reference to 
the possible application to DNA analysis, especially In 
view of the automatic analysis of the images generated 
by means of a so-called DNA microarray or DNA chip. 
[0002] The automatic analysis of DNA is mainly based 
on the examination of the messenger RNA which con- 
trols the way In which the various parts of the genes are 
activated or deactivated to create certain types of cells. 
[0003] If the gene Is expressed in a single way, it can 
generate a normal muscular cell, while if it is expressed 
in another way it can generate a tumour, 
[0004] By comparing the different expressions of 
genes, researchers aim at discovering the way to predict 
and prevent cancer. 

[0005] Another possible application is the so-called 
pharmacogenomics, a discipline in which scientists at- 
tempt to correlate the smallest DNA variations of a per- 
son with reaction to various substances, such as drugs. 
[0006] Numerous other possible applications are be- 
ing implemented, developed and studied. 

Description of the prior art 

[0007] Overthe past years, a technique based on the 
use of so-called DNA chips has been developed to allow 
automatic DNA analysis. 

[0008] Essentially, DNA chips are small flat surfaces 
on which some rows, called probes, of one half of the 
double helix of DNA, are deposited according to atypical 
matrix configuration. 

[0009] Since each half of the double helix of DNA is 
naturally bonded to its complementary other half In a 
process called hybridisation, the DNA chip can be used 
to identify the presence of particular genes In a biolog- 
ical specimen. 

[0010] These chips are called microarrays in relation 
to their matrix structure, which may also be linear, and 
can be made employing different technologies. Includ- 
ing semiconductor technology, on a variety of surfaces, 
including glass and plastic. 

[0011] The use of DNA microarrays to delineate the 
expression of genes is the most Important application of 
"biochips". This method has completely replaced the 
previous methods which had the disadvantage of need- 
ing to be repeated either on each gene or on a restricted 
number of genes and were also difficult to automate. 
[001 2] For a general illustration of a possible applica- 
tion of these methods, useful reference can be made to 
the work by DeRisI J et. al., "Use of cDNA microarray to 
analyse gene expression patterns in human cancer", 
NatGenet 1996 Dec; 14 (4), 457-60. 
[0013] Usually, DNA microarrays are used as inter- 
connected memory chips in order to compare speci- 



mens of DNA from a patient against known, preserved 
specimens of DNA. 

[0014] This Is because DNA carries an electrical 
charge and this charge can be read on a chip, exactly 
5 in the way that occurs in a cell in a matrix of memory 

cells. 

[0015] In many DNA chips, the coupling of arrays of 
DNA Is signalled by means of fluorescent materials. Not- 
withstanding, the procedure for analysing the chip, in 
10 particular to detect the levels of fluorescence, is rather 
costly. 

[0016] Various methods have been developed to 
avoid these problems. 

[0017] For example, according to a known solution, 
15 developed by the company Micro Sensors in collabora- 
tion with the company Motorola, DNA probe coupling Is 
detected by means of bio-electronic methods. 
[0018] This solution essentially consists in depositing 
a number from 1 0 to 50 DNA probes on a printed circuit. 
20 An organic atom containing iron which can generate an 
electronic signal when the DNA rows are coupled, is 
used Instead of fluorescence. 

[0019] Parallel methods, allowing the simultaneous 
quantification of the level of expression of a very high 
25 number of genes by means of simultaneous querying, 
with a high sensitivity and fidelity of acknowledgement 
of the expression profile of a complete library of genes, 
have been developed overthe past years. 
[0020] With a certain degree of approximation, yet es- 
30 sentially close to reality, the methods based on the use 
of microarrays of genes can be ideally related to some 
main classes. 

[0021] The method developed by Prof. Brown repre- 
sents a first class of solutions. This method permits, by 
means of robot micro-machining, to chemically immobi- 
lise in 2 by 2 cm micro-grids fragments of cDNA (com- 
plementary DNA), or DNA reconstructed on the basis of 
RNA by reverse transcription. In this way, microarrays 
containing 10,000 individual cDNA elements are 
formed. The DNA fragment to be analysed is marked 
with fluorescent groups so to obtain different types of 
sensors to Immediately distinguish the fragments of 
DNA by means of the colour of the corresponding fluo- 
rescent group with which they are treated. In this way, 
the microarray can be analysed simultaneously during 
the hybridisation phase. The micro-grid Is read by 
means of a confocal microscope at the end of the hy- 
bridisation phase providing a two-dimensional image in 
which coloured pins, or spots, appear arranged in a grid. 
The intensity of the various colours and their combina- 
tions is directly correlated to the intensity of the light out- 
put by fluorescence by the respective probes and to the 
degree of affinity between the probes and the individual 
genes deposited on the grid. 

[0022] Another technique is known as micro-spotting. 
In this technique, a robot arm is dipped in a DNA material 
in correspondence with an array of pins which is then 
impressed on a glass support. 
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[0023] Another method based on the use of microar- 
rays was introduced by Affymatrix. This technique enn- 
ploys synthetic oligonucleotides, instead of natural frag- 
ments of DNA for constructing the micro-grid. These 
fragments are deposited on the grid by means of pho- 
tolithography. In particular, masks for exposing some 
parts of a glass wafer on which certain chemical proc- 
esses occur are used to make single row DNA sensors. 
[0024] The use of photolithography, In combination 
with the chemical synthesis of oligonucleotides, results 
in a presence of approximately 100,000 genes in a sin- 
gle microarray which, according to current estimates, 
compose the complete library of mapped human char- 
acteristics, 

[0025] The methods described provide as a final re- 
sult an image which expresses the degree of genie ex- 
pression in a fragment of DNA to be analysed by means 
of shades of different colours or combinations of col- 
ours. 

[0026] The main advantage of the microarray method 
consists in the possibility of simultaneously analysing an 
extremely high number of genes. 
[0027] This is because the Information associated 
with the different cells present on the DNA chip can be 
processed in parallel with the consequent possibility of 
Increasing the number of cells in the microarray to val- 
ues in the order of 10,000 - 100,000 cells. 
[0028] In this way, systems for the automated analysis 
of fragments of DNA can be provided which employ 
processing techniques of the Images derived from 
microarray after hybridisation. 

[0029] This notwithstanding, the systems of this type 
implemented to date are based on the analysis of very 
large images (a number of pixels which Is one to two 
orders of magnitude greater than the number of cells 
which form the micro-grid). These images can be ac- 
quired in parallel, but are transferred and processed in 
a sequential fashion, as usually occurs In analysis tech- 
niques employing digital microprocessors, whereby 
processing speed is considerably penalised. 
[0030] Consequently, the idea of using a DNA chip 
has not been fully exploited to date, due to the difficulty 
In achieving real time analysis of the respective fluores- 
cent Images. Moreover, since diagnostic protocols gen- 
erally require a certain number of micro array-based ex- 
periments, the time required for analysing the resulting 
images (processing times in the range of 1 0 to 30 min- 
utes) abnomially hinder the efficacy of such method. 

Object and summary of the invention 

[0031] The need therefore exists to provide an alter- 
native system able to process images in real time, such 
as the images generated by a microarray of the type de- 
scribed. The object of this invention is to provide a sys- 
tem which allows efficient, rapid automatic analysis of 
images, such as the Images generated by a DNA chip 
after hybridisation, to Identify the affinities between the 



analysed specimen and the fragments of DNA on the 
DNA chip. 

[0032] According to this invention, this object is at- 
tained thanks to a system having the characteristics 
5 which are specifically called for In the claims which fol- 
low. 

[0033] In essence, according to the currently pre- 
ferred embodiment, the invention provides for making a 
system which allows to automatically analyse the imag- 

10 es from a DNA chip after hybridisation. This Is attained 
by acquiring the images by means of optical matrix sen- 
sors and by processing the acquired images by means 
of a Cellular Neural Network (abbreviated to CNN). 
Such a processing is essentially analogue and is 

15 achieved spatially on the entire development of the 
microarray matrix. 

[0034] For a general Illustration of the characteristics 
of a cellular neural network, useful reference can be 
made to document US-A-5 140 670. 
20 [0035] According to the currently preferred embodi- 
ment of the invention, images are analysed by means 
of a computing process which accounts for the physical- 
chemical rules at the basis of reactions on the microar- 
ray. 

25 [0036] In a particularly advantageous way, the cellular 
neural network architecture comprises a matrix of cells 
which are locally interconnected by means of synaptic 
connections, the matrix presenting a spatial distribution 
which is essentially correlated to the matrix form of the 

30 processed images. 

[0037] A system according to the invention can be 
easily made according to a system-on-a-chip configura- 
tion, in which the entire acquisition and processing sys- 
tem of the images is integrated on a single chip, for ex- 

35 ample implementing VLSI CMOS technologies. Refer- 
ence to this matter can be found in the work by Rodrigu- 
ez -Vasquez A. et al., "Review of CMOS Implementa- 
tions of the CNN Universal Machine-Type Visual Micro- 
processors" published in Proceedings of ISCAS 2000 

40 (IEEE Int. Symposium on Circuits and Systems), Gene- 
va. May 28-31, 2000. 

[0038] More In particular, this Invention relates to a 
system Integrated in a monolithic fashion on a semicon- 
ductor for automatically analysing images, such as im- 

45 ages from a microarray of the type comprising optical 
matrix sensors for the acquisition of images and to a 
high computing power parallel analogue processing ar- 
chitecture, based on the implementation of cellular neu- 
ral network. Moreover, the Invention allows to integrate 

50 the entire image acquisition and processing system on 
a single chip. 

[0039] Characteristics and advantages of this Inven- 
tion will be Illustrated with reference to a preferred em- 
bodiment, as non-limiting examples, in the enclosed 
55 drawings. 
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Brief description of the drawings 

[0040] In the enclosed drawings which are attached 
to this description: 

figure 1 illustrates a basic diagram of the ennbodi- 
ment of a system for automatically analysing imag- 
es from a DNA chip after hybridisation; 
figures from 2 to 5 illustrate, both in thefomn of block 
diagrams and in the form of charts, the criteria on 
which the organisation and operation of the cellular 
neural network are based; 

figure 6 illustrates an example of Image from a DNA 
chip after hybridisation and splitting thereof into 
three chromatic components; 
figure 7 illustrates a flow chart which outlines the 
method whereby a cellular neural network image 
processing sequence is applied to each chromatic 
component of an image read from a DNA chip; 
figure 8 (which is split into two parts, identified by 
8a and Bb, respectively) and figures from 9 to 12 
illustrate, for example, the method according to 
which the various operations concerning filtering, 
segmenting, and the morphological operations, 
which can be implemented in a system according 
to this invention, can be conducted to isolate useful 
information with respect to the various sources of 
noise which could lead to false interpretations of the 
results during the automatic microarray image anal- 
ysis process. 

Detailed description of a preferred of embodiment 
of the invention 

[0041] As mentioned above, the solution according to 
this invention offers an advantageous alternative with 
respect to traditional methods based on the analysis of 
fluorescence Images generated by means of a DNA 
chip. 

[0042] In particular, the solution according to this in- 
vention utilises the class of arrays (generally two-dimen- 
sional) of analogue processors known as cellular neural 
networks (CNN) and implements a system which is able 
to process such images in real time. 
[0043] Reference I in figure 1 indicates an image, for 
example in the form of a square matrix of spots on a 
DNA chip (of the known type and, consequently, not il- 
lustrated in the figures). 

[0044] The image is "read", preserving the matrix or- 
ganisation, by an optical sensor made, for example, em- 
ploying CMOS technology and associated with a 
processing system of the type shown In figure 2 and in- 
dicated in general by number 20. 
[0045] As further illustrated hereof, the system 20 can 
be configured as a cellular neural network (CNN) 
processing system, i.e. as an analogue, parallel 
processing system, preferably integrated in the same 
chip housing the block 10 in which the optical sensor Is 



integrated. 

[0046] In particular (again with reference to the block 
diagram in figure 2), in addition to the array of analogue 
cells with optical sensors forming the block 1 0 in which 

5 the optical sensor is Integrated, the system preferably 
comprises a set of analogue memories 1 1 which can co- 
operate with sensor 10, according to the criteria which 
are further described below, as well as an input/output 
circuit 12, which type is generally known. 

10 [0047] The operation of components 10 and 12 de- 
scribed above is achieved under the supervision of a 
control logic 13. 

[0048] Preferably: the control logic 1 3 directly acts on 
the circuit 12. The same control logic 13 is usually con- 

15 figured so to directly operate on the array 1 0 by means 
of an analogue/digital converter 1 4 to which the instruc- 
tions contained In a program memory 1 6 selectively flow 
via a set of digital registers 15 for the configuration of 
the cellular neural network. 

20 [0049] According to another important characteristic 
of the invention, the system 20 is configured as a cellular 
neural network which avoids the need to implement an- 
alogue/digital conversion and/or vice versa of the values 
of each element or pixel in the image acquired at output 

25 of the optical sensor 1 0, also allowing to Implement the 
microarray image analysis algorithm according to a to- 
tally parallel processing criterion. 

[0050] The various operations forming the algorithm 
are achieved by suitably setting the parameters which 

30 are programmed in the configuration registers 15 of the 
neural network on a case-by-case basis. 
[0051] In this way, an algorithm strictly speaking is 
created, being the sequence of elementary operations 
performed on the colour image, i.e. on its chromatic el- 

35 ements, composed preferably by the red component R 
and the green component G only, i.e. with the exclusion 
of the blue component B, as shown in figure 1 . 
[0052] Figures from 3 to 5 illustrate the principle im- 
plementing the model of a cellular neural network as the 

40 array of cells 1 00. The cells are reciprocally identical and 
only locally interconnected by means of weighed syn- 
aptic connections. 

[0053] The circuit model of each cell 1 00 is shown in 
the diagram in figure 4, which schematically illustrates 

45 the values included in matrixes A and B and in the bias 
coefficient I. Said values allow to generate, from a input 
signal, a corresponding output value which is weighed 
by means of function h(x) illustrated in figure 5. 
[0054] This all corresponds to known criteria which 

50 consequently do not need to be additionally illustrated 
herein. 

[0055] Returning to the block diagram in figure 2, the 
block 10 essentially consists of a matrix of analogue 
cells whose inputs are the signals corresponding to the 
55 optical sensors which read the image I generated in the 
microarray. 

[0056] The analogue memory 11 is used to store the 
images and the intermediate processing stages. Con- 
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versely, the instructions and the respective parameters 
are stored in digital form in the memory 16 and in the 
registers 15 and are applied to the block 10 by means 
of the converter 14. The control logic 13 synchronises 
the image acquisition and processing operations, in ad- s 
dition to the I/O signals to the end user which pass 
through the block 12. 

[0057] According to Chua and Yang, the model equa- 
tions of a cellular neural network are: 

10 

RCdXy/dt= -Xjj + £A(l.m).y,^ + 5:B(l,m).u,^ + l^ias 

where the sums extend to all values (l.m) belonging to 
the cells of the neighbourhood N(Cij) of the cell con- is 
cerned Clj and 

yij= 'f Xy < X,ow 

Xy in other cases 20 

[0058] A possible differentiation of the model, known 
under the name of FSR range (Full State Range) model, 
is related to circuit simplification when implementing the 
circuit with VLSI CMOS technology: 2S 

TdXjj/dt= -g(Xij) + £A(l,m).y,^ + 2:B(l.m).u,n, + \^^^ 

where, also in this case, the sums extend to all values 30 
(l,m) belonging to N(Cij) and 

g(Xjj) = X|o^ if Xjj < x,o^ 

^high ^ij > ^high 

0 in other cases 35 

[0059] Obviously, the algorithms to be implemented 
depend on the type of analysis required by the expert. 
However, important steps, such as the reduction of the 
components, noise clearing, or the elimination of de- 40 
formed spots, will need to be performed in any case. 
[0060] The example shows an algorithm which ex- 
tracts from an image resulting from two red and green 
fluorescence probes the spots related to three different 
levels of each colour indicating the three different de- 45 
grees of affinity between the probes and the genes 
present in the micro-grid. 

[0061 ] Figure 6 illustrates an example of image I from 
a DNA chip after hybridisation. For classification of af- 
finities, analysing the two chromatic components R (red) 50 
and G (green) only will usually suffice. This is because 
there are no reactions able to generate appreciable lev- 
els of the component B (blue), i.e. the third component 
of the known RGB (Red Green Blue) colour model. 
[0062] This implies firstly a possible hardware simpli- 55 
fication of the image acquisition part, i.e. of the optical 
sensor comprised in the block 1 0. 
[0063] As mentioned, optical sensors are used for 



reading DNA chip images (for example CMOS). The op- 
tical sensors can be either black and white sensors or 
Bayes four-section RGGB sensors. The resulting image 
is converted, after digitallsation, into an RGB, YUV im- 
age, etc., according to the type of processing and the 
reference application. 

[0064] In the solution according to this invention, this 
form of pre-processing can be eliminated and simple 
two-colour sensors, instead of Bayes sensors, can be 
used as sensors which are selectively sensitive to dis- 
tinct chromatic components. 

[0065] Furthermore, no digitalisation operation is re- 
quired, since a typically analogue treatment is imple- 
mented. Consequently, applying an image processing 
sequence with cellular neural networks based on tem- 
plates, for example according to the process outlined in 
the flow chart in figure 7, for each of the chromatic com- 
ponents (R and G) processed, will suffice. 
[0066] The reader will certainly appreciate that the se- 
quence of processing operations illustrated herein is 
adapted to be implemented fully in parallel, i.e. simulta- 
neously (with a consequent reduction of total processing 
times) on the two chromatic components R and G. 
These latter are derived from the source image I in a 
known way, for example by filtering or by exploiting the 
availability of optical sensors with chromatically- selec- 
tive characteristics. 

[0067] In essence, according to the currently pre- 
ferred embodiment of this Invention, the processing se- 
quence comprises: 

1 . a background clearing operation, implemented in 
steps indicated by the numbers 201 and 301 ; 

2. a grid analysis operation, implemented in steps 
indicated by the numbers 202 and 302; 

3. an operation for eliminating the smaller irregular 
spots, implemented in steps Indicated by the num- 
bers 203 and 303; 

4. an operation for eliminating the larger spots, im- 
plemented in steps indicated by the numbers 204 
and 304; 

5. an intensity analysis operation, implemented in 
steps indicated by the numbers 205 and 305; 

6. a thresholding operation, for example on three 
levels, implemented in steps indicated by the num- 
bers 206 and 306 and finally 

7. a result combination operation In relation to the 
two analysed chromatic components implemented, 
for example^ by means of a logical product (AND) 
in a final step indicated by the number 40. 

[0068] The three levels (high, medium and low) ac- 
cording to which the threshold definition operation indi- 
cated by blocks 206 and 306 is carried out are respec- 
tively indicated by the numbers 2061, 2062 and 2063 
(red component R) and by the numbers 3061 , 3062 and 
3063 (green component G). 

[0069] All the operations above, including the final 



5 



BNSDOCID: <EP 1182602A1J_> 



EP 1 182 602 A1 



10 



9 

logic AND operation, are carried out within the cellular 
neural network by nneans of templates, i.e. by means of 
suitable sets of parameters which are programmed in 
the network configuration registers (indicated by 
number 1 5 in the diagram in figure 2) on a case-by-case 
basis. 

[0070] The sequence of operations gives rise to a set 
of intermediate results corresponding to images which 
can be stored in the analogue memory of the system, 
indicated by number 11 in figure 2. 
[0071] Figures 8 and 1 2 Indicate, for example, the In- 
termediate results corresponding to the main operations 
where certain specific operations involving filtering and 
segmenting and morphological operations are required 
in order to isolate the sources of noise which could lead 
to false interpretations of results during automatic anal- 
ysis of the image I obtained from the microarray, 
[0072] More in detail, figure 8, which is split into two 
parts, identified by 8a and 8b, respectively, refers to the 
background clearing operation (steps 201 and 301 in the 
chart in figure 7). 

[0073] In a first solution, illustrated in figure 8a, the 
source image to be processed, indicated by number 50, 
consisting of a set of spots, is subjected to thresholding 
operation with respect to a fixed value (for example a 
threshold equal to 0.85 of the maximum normalised in- 
tensity value of the image) to obtain the resulting image 
51. 

[0074] In the variant illustrated in figure 8b, the same 
result is attained by diffusion filtering, shown by number 
52, based on the Implementation of templates which put 
the spot contours out of focus. An averaging operation, 
shown by number 53, is carried out on the image thus 
obtained to fomi the resulting image, which also in this 
case is indicated by the number 51 , 
[0075] In the case in which the image processed (here 
supposed to coincide with the image 51 seen above, 
which is not imperative) is "dirty", for example, as shown 
in figure 9, for the presence of a dot which does allow 
to identify the spots, an additional template or grid 55 is 
used. Its function is to filter out the noise and eliminate 
the spots which overlap the contours of the grid 55. The 
resulting image is indicated by the number 56. 
[0076] Figure 10 and 11 illustrate the processing se- 
quence attained by means of two other templates. 
[0077] In particular, figure 10 illustrates the applica- 
tion to a source image (here supposed to coincide with 
image 56, which again is not imperative) of an erosion 
template which can erode the spots of said image on 
the right-hand side 57a, on the left-hand side 57b, in the 
horizontal direction 57c and in the vertical direction 57d. 
[0078] In this way, the shape of the spots is analysed 
to eliminate the irregularities of the spots by selecting 
only the largest circular spots. 

[0079] Figure 1 1 , on the other hand, illustrates the se- 
quence to implement direct intensity analysis to provide 
a classification of the spots in the source image (sup- 
posed to coincide with image 58 obtained above, which 



again is not imperative) on the basis of intensity. This 
occurs according to three threshold levels (for example 
equal to -0.5; 0 and +0.5; said threshold levels being 
referred to the maximum normalised intensity. 

5 [0080] The overall result which can be obtained is the 
generation of three images deriving from the threshold 
definition (and, consequently, of an essentially binary 
content, i.e. "dark" or "light" for each spot) indicated by 
the numbers 59a, 59b and 59c respectively, which can 

10 be used for the logic product operation (AND), indicated 
by block 40 in figure 7. 

[0081] This operation is schematically illustrated in 
figure 1 2. Here, references 591 and 592 indicate, in gen- 
eral, two threshold images which are obtained respec- 

^5 tively for the red component R and for the green com- 
ponent G, combined by means of the logic product 
(AND), to generate a final image 60 which can be made 
available to an end user in the form of a display (on 
screen and/or hard copy) driven by unit 12 In figure 2. 

20 [0082] The computing time requirements for each of 
the operations listed above shows a computing capacity 
which is much higherthanthe normal image processing 
techniques based on digital computer platforms. For ex- 
ample, by employing the chip time constant Xq^^ as a 

25 unit of time (which is typically in the order of 250 nano- 
seconds), each of the various template implementation 
operations described above require typically from 3 to 
6 of said units of time, which values which falf to one 
only of said unit in the case of simple logic operators 

30 and slightly higher times (for example, 1 0 tcNN units) in 
the case of recall operations. 

[0083] In particular, the entire algorithm described 
above can be run in approximately 275 microseconds, 
i.e. in less than 1 millisecond. 

35 [0084] Various main advantages derive from the im- 
plementation of the solution according to this invention. 
[0085] Firstly, DNA can be analysed automatkjally 
and, consequently, objectively. This contrasts with a 
subjective analysis carried out by human operator em- 

40 ploying nonnal digital image processing tools. 

[0086] The second advantage is the high processing 
speed which allows to process images which can also 
be large directly on-chip with very short processing 
times. Such times depend only on the value of the time 

45 constant RC of the cells in the cellular neural network 
and the acquisition time of the optical sensors because 
no analogue/digital conversion (and/or vice versa) is re- 
quired for the values of each pixel of the image acquired 
at optical sensor output with respect to the processing 

50 matrix operating in parallel with implements the analysis 
algorithm of the microarray image. 
[0087] Finally, the system can easily be repro- 
grammed by means of a restricted number of coeffi- 
cients which define the templates in the cellular neural 

55 network, corresponding to the single operations stored 
in the internal system memory In correspondence to val- 
ues of the synaptic bindings of the adjacent cells. 
[0088] Naturally, numerous changes can be imple- 
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merited to the construction and embodiments of the in- 
vention herein envisaged, all comprised within the con- 
text of the concept characterising this invention, as de- 
fined by the following claims. This especially refers to 
the possibility of applying the solution according to this 
invention to the processing of images of any nature. The 
scope of this invention is, therefore, not necessarily re- 
stricted to the processing of DNA chip images. 



Claims 

1. System for the automatic analysis of images (I), 
such as images of DNA microarrays after hybridi- 
sation, said images (I) comprising a matrix of points 
or spots, the system being adapted to be associated 
with a sensor (10) for acquiring said images (I) and 
comprising a circuit (20) for processing the signals 
corresponding to said images (I) generated by said 
sensor (1 0), characterised In that said processing 
circuit (20) is configured according to a cellular neu- 
tral network (CNN) architecture for the parallel an- 
alogue processing of said image signals. 

2. System according to claim 1 , characterised in that 
said sensor (10) is configured to acquire, as said 
images (I), fluorescence images from DNA micro- 
arrays. 

3. System according to any of claims 1 or 2, charac- 
terised in that said cellular neural network archi- 
tecture comprises matrix of cells (100) locally Inter- 
connected by means of synaptic connections, said 
matrix presenting a spatial distribution which is es- 
sentially correlated to the matrix fomri of said images 
(!)■ 

4. System according to claim 1 , characterised in that 

said sensor (1 0) is a matrix optical sensor. 

5. System according to any of claims 1 or 4, charac- 
terised in that said sensor (10) Is a colour optical 
sensor. 

6. System according to any of claims 1 , 4 or 5, char- 
acterised in that said sensor (10) is an optical sen- 
sor which is selectively sensitive to distinct chromat- 
ic components (R, G, B) of said Images (I). 

7. System according to claim 6, characterised in that 
said processing circuit (20) is configured to process 
signals corresponding only to some (R, G) of said 
distinct chromatic components (R, G, B) of said Im- 
ages (I). 

8. System according to claim 7, characterised in that 
said processing circuit (20) is configured to process 
signals associated only to distinct chromatic com- 



ponents (R, G) of said images (I) with the exclusion 
of the blue chromatic component (B). 

9. System according to any of claims 6 to 8, charac- 
5 terlsed in that said processing circuit (20) is con- 
figured for processing the signals corresponding to 
said distinct chromatic components (R, G) of said 
images (1) in parallel. 

10 10. System according to any of the preceding claims, 
characterised in that said sensor (10) and said 
processing circuit (20) are integrated in a single 
chip. 

15 11. System according to any of claims 1 or 10, charac- 
terised in that said sensor (10) and/or said 
processing circuit (20) Implement VLSI CMOS tech- 
nologies. 

20 12. System according to any of the preceding claims, 
characterised in that said processing circuit (20) 
is configured to perform on said signals correspond- 
ing to said images (I) at least one of the operations 
selected from the group consisting of: 

25 

background clearing (201 , 301 ) of said images 
(I), 

grid analysis (202, 302) of said Images (I), 
elimination of smaller Irregular spots (203, 303) 
30 - elimination of the larger spots (204, 304) 
intensity analysis (205, 305) and 
threshold definition (206, 306). 

13. System according to any of claims 6 to 9, charac- 
35 terised in that said processing circuit (20) is con- 
figured to combine the processing results (591, 
592) obtained in relation to distinct chromatic com- 
ponents (R, G) of said images. 

40 14. System according to claim 13, characterised in 
that said combination operation is a logic product 
(AND - 40). 

15. System according to any of the preceding claims, 
45 characterised in that said processing circuit (20) 

comprises: 

at least one analogue memory (11 ) for storing 
signals corresponding to said images (I) and 
50 - a control logic (13) for running real time 
processing sequences of said images. 

16. System according to claim 16, characterised in 
that said images and the intermediate processing 

55 stages are stored by at least one analogue memory 
(11). 

17. System according to any of claims 15 or 16, char- 
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acterised in that said processing circuit (20) com- 
prises means (15) for storing the configuration pa- 
rameters of said cellular neural network. 

18. System according to claim 17, characterised in 
that said configuration parameters are stored in 
digital fonn and said processing circuit (20) com- 
prises a digital/analogue converter (14) to convert 
said parameters to analogue form in order to be in- 
put to said cellular neural network. 

19. System according to any of the previous claims, 
characterised in that said processing circuit (20) 
processes said signals corresponding to said imag- 
es (I) by applying sets of parameters (templates) of 15 
the cellular neural network. 
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